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ABSTRACT 



Hypersensitivity pneumonitis is a syndrome reported in humans, and occasionally animals, that results 
from the inhalation of very small antigenic particles (usually < 5 um) that are able to reach the alveolar 
space. This is the first report of hypersensitivity pneumonitis in a dog in Australia and the first associated 
with Geastrum triplex spores. Diagnosis was based on known antigen exposure, physical findings, 
radiographic signs of interstitial lung disease and molecular identification of Geastrum triplex in 
bronchoalveolar lavage fluid. 

© 2013 The Authors. Published by Elsevier B.V on behalf of International Society for Human and Animal 

Mycology All rights reserved. 



1. Introduction 

Hypersensitivity pneumonitis is a syndrome reported in 
humans, and occasionally animals, that results from the inhalation 
of very small antigenic particles (usually < 5 urn) that are able to 
reach the alveolar space. Such particles include fungal and bacterial 
antigens, animal proteins and chemicals. Acute, subacute and 
chronic forms of the disease have been reported but may be more 
reflective of a continuum of disease rather than distinct entities [1 ]. 

Lycoperdonosis is an acute form of hypersensitivity pneumonitis 
resulting from the inhalation of large volumes of fungal conidia 
from the family Agaricaceae, most commonly Lycoperdon spp. 
("puffball" mushrooms). It has been reported in humans and dogs 
in North America and Europe [2-7]. These fungi have previously 
been arbitrarily classed together with the Geastraceae family 
(earthstars) as gastromycetes due to a common structure. 
The gastromycetes all contain fruiting bodies within which basi- 
diospores are produced [8]. These spores are released following 
compression of the mushroom resulting in potential inhalation of 
very high numbers of spores. This is the first report of hypersensi- 
tivity pneumonitis associated with Geastrum triplex exposure and 
the first case of lycoperdonosis-like disease in a dog in Australia. 
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We also report the use of molecular identification of the fungal 
species from a bronchoalveolar lavage (BAL) sample. 

2. Case 

A 3-month-old male entire Bull Mastiff was referred to the 
University Veterinary Teaching Hospital, Sydney with a 3-week 
history of increasing lethargy, dyspnoea and exercise intolerance. 
The puppy had lost body condition during this time despite a good 
appetite and appropriate diet. He had access to a large suburban 
garden and was often observed to be eating plants and bark. Prior 
to the development of clinical signs he had been found with large 
numbers of spores from a "puffball" mushroom on his muzzle. 

Physical examination by the referring veterinarian 2 days prior 
to referral revealed tachypnoea with inspiratory dyspnoea and 
cyanosis. Thoracic radiographs showed a marked, diffuse inter- 
stitial lung pattern. Haematology and serum biochemistry were 
unremarkable. A tracheal wash was performed and the dog was 
commenced on amoxicillin-clavulanate (18mg/kg per os (PO) 
every 12 h). A respiratory PCR panel on the wash fluid was 
negative for the respiratory pathogens H1N1 Influenza virus, Canine 
Distemper virus, Bordetella bronchiseptica, Canine Adenovirus 2, 
Canine Herpes Virus 1, Canine parainfluenza virus, Streptococcus 
equi and Mycoplasma cynos (IDEXX Reference Laboratories, West 
Sacramento, USA). 

On physical examination at referral (Day 0) the dog weighed 
10.4 kg and had a low body condition score (3/9). The respiratory 
rate was elevated (72 breaths per minute) with a marked inspira- 
tory and expiratory dyspnoea and Sp0 2 of 65%. Arterial blood gas 



2211-7539/$ - see front matter © 2013 The Authors. Published by Elsevier B.V on behalf of International Society for Human and Animal Mycology All rights reserved. 
http://dx.doi.Org/10.1016/j.mmcr.2013.05.002 



J. Whitney et al. / Medical Mycology Case Reports 2 (2013) 122-124 




Fig. 1. Inflammation and fungal basidiospore (arrow) in BAL sample. (For inter- 
pretation of the references to color in this figure, the reader is referred to the web 
version of this article.) 

measurement whilst breathing room air showed a Pa0 2 of 
43.5 mmHg, a PaC0 2 of 45.4 mmHg, and a pH of 7.352. Oxygen 
supplementation by mask resulted in an increase in the Sp0 2 . 
There was no evidence of pulmonary hypertension on 
echocardiography. 

Bronchoscopy revealed moderate rounding of the carina with 
no tracheal or bronchial mucosal erythema or oedema. There was 
a small volume of clear mucoid exudate within the lower airways. 
Bronchoalveolar lavage (BAL) from the left tertiary bronchus 
demonstrated neutrophilic inflammation (50% neutrophils, 25% 
predominantly small lymphoid cells and 25% macrophages). Mod- 
erate numbers of spherical, 4 um diameter, refractile grey-green 
structures were presented intra- and extra-cellularly. The outer 
surface of these structures was covered in regular short projec- 
tions (Fig. 1 ). Additionally, low numbers of 5-6 um diameter ovoid, 
non-capsulated, thin-walled structures were identified. Bacterial 
and fungal cultures of the BAL were negative as was a real-time 
PCR to detect Pneumocystis DNA (Molecular Microbiology Labora- 
tory, Sydney South West Pathology Service, NSW, Australia). 

The dog was initially stabilised with intranasal oxygen supple- 
mentation, intravenous crystalloids and dexamethasone (0.29 mg/ 
kg intravenously). Terbutaline (0.12 mg/kg PO every 12 h), 
trimethoprim-sulfonamide (18 mg/kg PO every 8 h), prednisolone 
(0.5 mg/kg PO every 12 h) and itraconazole (5 mg/kg PO every 
12 h) were prescribed pending the results of microbiological 
studies. Upon discharge from hospital, 7 days after admission, 
the dog had gained weight (10.9 kg) and was able to maintain a 
Sp0 2 of 94% with a normal respiratory rate (28 breaths per 
minute) and mildly increased respiratory effort. 

At reassessment 7 days after discharge (Day 14) there was marked 
clinical improvement with increased respiratory effort only evident 
during periods of excitement. Haematology revealed a leukocytosis 
(30.6 x 10 9 /L; reference interval: 4.5-17.0 x 10 9 /L) secondary to a 
neutrophilia (25.4 x 10 9 /L; reference interval: 3.5-12.0 x 10 9 /L) and 
monocytosis (1.8 x 10 9 /L; reference interval: 0.0-1.1 x 10 9 /L). A 2-week 
course of doxycycline (7.6 mg/kg PO every 12 h) was initiated and 
trimethoprim-sulfonamide was discontinued at this time. Predniso- 
lone and terbutaline therapy were discontinued after 1 month of 
therapy (Day 28) at which time thoracic radiographs showed a mild 
interstitial pulmonary pattern. 

The dog represented with acute onset tachypnoea and lethargy 
59 days after initial presentation. Just prior to the development of 
clinical signs he had been observed to be playing with a "puffball" 
mushroom in the garden. On physical examination the respiratory 
rate was 80 breaths per minute with a Sp0 2 of 93% and body 
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Fig. 2. Geastrum triplex. (For interpretation of the references to color in this figure, 
the reader is referred to the web version of this article.) 

temperature of 38.8 °C. Thoracic radiographs were unchanged 
from 1 month prior and an ultrasound-guided fine needle lung 
biopsy was performed. Pulmonary parenchymal cytology revealed 
67% neutrophils, 30% vacuolated macrophages and 3% small 
lymphocytes with negative bacterial and fungal cultures. Predni- 
solone therapy (0.9 mg/kg PO every 12 h) was reinstituted 
and amoxicillin-clavulanate (20 mg/kg PO every 12 h) was admi- 
nistered for 14 days. There was a rapid improvement in the 
clinical signs. 

A sample of the "puffball" fungus was obtained and microscopic 
examination of its spores revealed a number of 4 um diameter, 
refractile, greyish-green spherical structures identical to those 
found in the original BAL. A conventional panfungal PCR targeting 
the rDNA gene cluster including the ITS1, 5.8S gene and ITS2 
regions using primers ITS1 (5'-TCC GTA GGT GAA CCT GCG G-3') 
and ITS4 (5'-TCC TCC GCT TAT TGA TAT GC-3') was performed on 
DNA extracted from the BAL and the fungus spores, as described 
previously [9]. This indicated the BAL and spore sequences had a 
99.23% sequence homology with GenBank sequences of Geastrum 
triplex (collared earthstar) (GenBank accession no. JN845162.1) 
(Fig. 2) [10,11]. 

The prednisolone therapy was weaned and discontinued over 1 
month. At reassessment 132 days after initial presentation the dog 
had a normal respiratory rate and effort. Thoracic radiographs 
revealed a mild interstitial lung pattern. 



3. Discussion 

This is the first report of a hypersensitivity pneumonitis in a 
dog following exposure to a Geastrum spp. and of the antemortem 
use of molecular identification in its diagnosis. The four previously 
reported cases of canine fungal-associated hypersensitivity pneu- 
monitis have been classified as suffering from lycoperdonosis with 
only two surviving to discharge [5-7]. 

The diagnosis of hypersensitivity pneumonitis in humans is 
complicated by the lack of unique features to distinguish it from 
other forms of interstitial lung disease and relies on a high level of 
clinical suspicion, known antigen exposure and a combination of 
clinical findings [12]. This diagnostic dilemma may be exacerbated 
in veterinary patients due to the apparent rarity of the condition 
and unknown or unrecognised antigen exposure. The diagnosis of 
hypersensitivity pneumonitis due to inhalation of Geastrum triplex 
spores in this case was based on clinical signs (progressive 
dyspnoea and cyanosis), radiographic findings, known antigen 
exposure (with recurrence of signs on re-exposure) and isolation 
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from bronchoalveolar fluid, exclusion of other potential causes of 
interstitial lung disease and response to therapy. At least four of 
the previously defined six significant predictors of hypersensitivity 
pneumonitis were identified in this case in addition to other 
findings [13]. 

The antemortem diagnosis of lycoperdonosis in dogs has 
previously been based on the patient's history and clinical signs 
with variable emphasis placed on the identification of fungal 
spores in cytological samples [5-7]. The spores identified in this 
case appear morphologically similar to those previously reported. 
Post-mortem confirmation of the presence of Lycoperdon DNA has 
been described previously in dogs following DNA extraction and 
PCR of paraffin-embedded lung tissue [6]. However, this is the first 
report of a similar technique being used as a diagnostic tool 
antemortem using a BAL sample. The use of panfungal PCR also 
allowed the exclusion of concurrent fungal pneumonia in the 
disease process. Molecular identification of infectious agents is 
being utilised increasingly in veterinary medicine due to the high 
sensitivity and relative speed of such methods [14]. The use of 
such methods in the exclusion of other causes of disease is 
advantageous in cases such as these. Although PCR can result in 
false-positive results secondary to sample contamination, the 
concurrent historical and physical findings in this case support 
the diagnosis. Furthermore, the DNA extraction and PCR of BAL 
was processed before receiving the 'puffball' garden sample, thus 
eliminating contamination of the BAL sample from this source. 

The thoracic radiographs in this case revealed a marked 
interstitial lung pattern. The pulmonary changes reported in 
lycoperdonosis are similar to those seen in Pneumocystis pneumo- 
nia [15] with this condition considered an important differential 
diagnosis in humans [4] and dogs [7]. The age of the dog in this 
case also supported this differential diagnosis. Pneumocystis infec- 
tion was ruled out in this case based on PCR of BAL fluid. 
This method has been demonstrated to have a greater sensitivity 
than cytology and immunocytochemistry in affected children [16]. 

Both the bronchoalveolar lavage and lung fine needle biopsy 
cytology showed a predominantly neutrophilic inflammation. 
This is consistent with BAL findings in the previous reports of 
canine lycoperdonosis, but differs to disease in humans in which a 
lymphocytic cellular pattern is more typical [17]. This difference is 
likely reflective of the acute course of disease seen in these dogs and 
is supported by similar findings in the acute form in people [12]. 

As only relatively small numbers of individuals are affected 
despite many of the antigens being ubiquitous in the environment, 
it has been proposed that a genetic susceptibility or prior environ- 
mental exposure increases the risk of reaction [12]. The dog in this 
case was treated with corticosteroids in addition to antibiotics, an 
antifungal and a bronchodilator. Immunosuppressive therapy with 
corticosteroids has been reported in the majority of human cases 
[3,4] and all of the cases of canine lycoperdonosis [5-7]. Similarly, 
treatment with tapering doses of prednisolone for 3-6 months can 
result in disease remission in adult patients with subacute hyper- 
sensitivity pneumonitis [12]. 

The paucity of reports of hypersensitivity pneumonitis in dogs 
may be associated with the rarity of the condition or a lack of 



recognition. It should be considered as a differential diagnosis in 
cases with interstitial lung disease in which there is the possibility 
of antigen exposure or in which another underlying cause has not 
been identified. 
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